The structure of a new secondary metabolite from Streptomyces sp. was determined as 4-acetyl-1,3dihydroimidazo[4,5-c]pyridin-2-one by synthesis of the natural product itself and of the regioisomeric 7-acetylimidazo[4,5b]pyridine derivative. The former compound was prepared, in 28% overall yield, in a sequence of nitration, reduction, condensation, and Stille reaction of 4-aminopyridine, while the regioisomer was obtained in 5% overall yield by amination, nitration, reduction, condensation, and oxidation of 4-ethylpyridine.
Historically, structure elucidation has been the most important reason for the total synthesis of a new natural product. Thanks to the modern methods of NMR-spectroscopy and X-ray analysis, structures can nowadays mostly be determined from the isolated material. Yet in some cases, especially if compounds are obtained merely in trace amounts from the natural producer, total synthesis is still the only way to validate a questionable structure [1] .
Lately, Laatsch and coworkers reported the isolation of a number of new microbial metabolites from both terrestrial and marine Streptomycetes [2] . This included a 1,3-dihydroimidazo [4, 5] pyridin-2-one derivative. However, the spectroscopic data did not allow differentiation between the [4,5-b]and the [4,5-c] -isomers [1a and 1b (Figure 1) ]. This aroused our interest since similar skeletons appear as structural motifs in several compounds of biochemical and pharmacological importance, for example in inhibitors of adenosine 3´,5´-cyclic monophosphate phosphodiesterase (cAMP PDE) [3] , in a subtype selective antagonist of the N-methyl-Daspartate receptor [4] , and in the chromophoric part of the siderophore azotobactin from Azotobacter vinelandii [5] . Therefore, we pursued total synthesis of this natural product in order to clarify its structure and to obtain enough material for biological testing, since it was only isolated from fermentation in an amount of 0.16 mg/L. chromatography on silica gel, as the 3-nitropyridine 4 is significantly less polar than the 5-nitro isomer 5 due to intramolecular hydrogen bonding.
Next, the nitro group should be transformed into the second amino group, and first experiments were conducted with Raney nickel as catalyst. Only a small amount of product was obtained after filtration of the reaction mixture, presumably due to complexation of the vicinal diamino moiety in 6 to the metal. In contrast, hydrogenation over palladium succeeded and crude diamine 6 was transformed in the next step without prior purification. This was mainly due to the reported sensitivity of similar diamines towards air [7] , yet we later noticed that 6 is stable during column chromatography on silica gel. The bicyclic core of the target molecule was then formed by reaction in molten urea [8] , thus leaving oxidation of the ethyl group in 7 to the acetyl group in 1a as the final step. This transformation, however, proved to be quite difficult: Attempts with classical oxidants such as CrO 3 , SeO 2 , or KMnO 4 met with no success. Moreover, oxidation with 2-iodoxybenzoic acid (IBX) failed to give any product [9] . Ultimately, the target molecule was obtained in a bismuth oxidecatalyzed reaction with tert-butyl hydroperoxide as stoichiometric oxidant following a protocol of Barrett et al. [10] . Thus, isomer 1a was obtained in 5% yield over the five steps from pyridine 2. While the 1 H NMR data of 1a closely matched that of the natural product, the 13 C NMR spectrum showed significant discrepancies for almost all carbon atoms (Table 1) . Therefore, synthesis of isomer 1b became necessary in order to cross check its 13 The synthetic approach to this compound followed the same concept as that of isomer 1a (Scheme 2). Thus, 4-aminopyridine (8) was treated with nitrosulfuric acid at room temperature to form the nitraminopyridine 9, which rearranged to nitropyridine 10 at 75°C in sulfuric acid [11] . In order to achieve a high yield it was essential to closely control the reaction temperature: Initially, heating was required as there is a thermal threshold of about 50°C. However, once the exothermic reaction had started, external cooling became necessary.
The nitro group was then reduced using tin(II) chloride and this transformation occurred with concomitant introduction of chlorine at C-2 yielding pyridine 11 in 80% yield [12] . Mechanistically, the reaction should occur via nucleophilic attack of chloride onto the aromatic ring, which is activated by the nitro substituent and the protonated amino groups. Additionally, the complete regioselectivity points to a pre-coordination of tin chloride to the nitro group at C-3 (transition state A).
The bicyclic core was again formed by reaction in molten urea to give compound 12 and the acetyl group was introduced by a palladium-catalyzed Stille reaction with tributyl(1-ethoxyethenyl)stannane [13] . This cross-coupling yielded the respective enol ether, which was finally hydrolyzed by treatment with aqueous HCl. Thus, isomer 1b was obtained in 28% yield over the five steps from pyridine 8. 
2-Amino-4-ethylpyridine (3):
Under a nitrogen atmosphere sodium amide (18.0 g, 461 mmol) was added to a solution of 4-ethylpyridine (27.0 mL, 25.4 g, 237 mmol) in dry xylene (60 mL). The resulting suspension was refluxed for 15 h. The mixture was then cooled in an ice bath. Water (70 mL) and concentrated hydrochloric acid (70 mL) were added and the resulting phases were separated. The organic phase was extracted with half concentrated hydrochloric acid (3 × 50 mL) and the combined aqueous phases were made strongly alkaline using solid NaOH. Subsequently, the aqueous phase was extracted with diethyl ether (4 × 100 mL) and finally, the combined organic extracts were dried over potassium carbonate and concentrated in vacuo yielding 26.5 g of crude 3. The residue was purified by recrystallization from a mixture of diethyl ether and light petroleum yielding (4): 2-Amino-4ethylpyridine (3, 8.1 g, 66 mmol) was dissolved in concentrated sulfuric acid (55 mL). A mixture of concentrated nitric acid (4.3 mL) and concentrated sulfuric acid (10 mL) was added at 0°C. After 5 min, the reaction mixture was allowed to warm to room temperature. After 1 h the mixture was carefully warmed with a heat gun until the exothermic reaction had started. After reaching 55°C, the mixture was stirred at this temperature for 3 h and then poured onto crushed ice. Subsequently, it was neutralized, under cooling, with concentrated aqueous ammonia, thus maintaining the temperature below 20°C. Filtration and extraction with diethyl ether yielded a mixture of the two regioisomers (8.1 g). Separation and purification was accomplished by column chromatography on silica gel (CHCl 3 ). Concentration in vacuo yielded 3-nitropyridine 4 (2.4 g, 22%) and 5-nitropyridine 5 (5.3 g, 48%) as yellow crystals. (4) MP: 112-113°C. 2,3-Diamino-4-ethylpyridine (6): 2-Amino-4-ethyl-3-nitropyridine (4, 1.06 g, 6.34 mmol) in methanol (50.0 mL) was hydrogenated using 10% Pd/C (108 mg, 101 μmol) over a period of 5 h at a pressure of 1 atm. The suspension was filtered under a nitrogen atmosphere through a pad of celite, the residue was washed with methanol (50 mL) and the filtrate was concentrated in vacuo yielding 870 mg (quant.) of the title compound as a colorless solid, which was used directly in the next step without further purification. 1 (7) : 2,3-Diamino-4-ethylpyridine (6, 1.0 g, 7.3 mmol) and urea (4.0 g, 67 mmol) were dissolved in methanol (5.0 mL) and the resulting solution was slowly heated to 140°C. After complete evaporation of methanol, heating was continued for another 18 h. The residue was dissolved in methanol (20 mL), silical gel was added, and the solvent was removed in vacuo. Purification was accomplished by column chromatography on silica gel (n-hexane/ethyl acetate 9:1 plus 5% methanol). The title compound was isolated as a light brownish solid (0.76 g, 64%).
2-Amino-4-ethyl-3-nitropyridine

3-Nitropyridine
7-Ethyl-1,3-dihydro-2H-imidazo[4,5-b]pyridin-2one
MP: >274°C (decomp.). was added with vigorous stirring to a suspension of Bi 2 O 3 (180 mg, 386 μmol) in distilled water (8 mL) at room temperature yielding a fine, black precipitate of metallic bismuth, which was separated from the aqueous phase by decantation and washed with water (2 × 10 mL). Compound 7 (310 mg, 1.90 mmol) was added to a mixture of metallic bismuth, pyridine (9 mL), acetic acid (1 mL) and picolinic acid (480 mg, 3.80 mmol). Then, tert-butyl hydroperoxide (neat, 1.8 mL, 1.6 g, 18 mmol) was added and the mixture sonicated for 30 min. The reaction mixture was stirred in a sealed vessel at 100°C for another 18 h, cooled to room temperature, and diluted with dichloromethane (30 mL). The mixture was filtered through a pad of celite and the solvent was evaporated. Purification was accomplished by column chromatography on silica gel (chloroform/methanol 24:1), which afforded the title compound (0.18 g, 53%) as a yellow solid. (10): A solution of 4aminopyridine (8, 10.0 g, 106 mmol) in concentrated sulfuric acid (25.0 mL) was cooled in an ice-bath and concentrated nitric acid (4.60 mL, 111 mmol) was slowly added. After 20 h stirring at room temperature the mixture was poured onto ice. While maintaining the temperature below 10°C the mixture was adjusted to pH 3 using concentrated aqueous ammonia. The nitramine 9 precipitated as yellowish crystals, which were filtered and washed with ice water. Subsequently, 9 (14.7 g, 106 mmol) was added to concentrated sulfuric acid (70 mL) which was cooled in a water bath. The resulting solution was carefully heated until the reaction started, which caused an increase of the temperature to 75 °C. After the exothermic reaction had ceased (~2.5 h) the mixture was poured onto ice and the resulting solution was made alkaline using concentrated aqueous ammonia. The title compound precipitated as yellowish crystals which were filtered and dried in vacuo (13.7 g, 93%).
4-Amino-3-nitropyridine
MP: 199-201°C. 1 
3,4-Diamino-2-chloropyridine (11)
: 4-Amino-3nitropyridine (10, 10.2 g, 73.3 mmol) was added to concentrated hydrochloric acid (155 mL) and the resulting solution was warmed to 50°C. After addition of SnCl 2 ·2 H 2 O (81.6 g, 361 mmol), the resulting green solution was stirred for 1 h at 90°C, cooled in an ice-bath, and stirred for another 1 h. The precipitate was filtered and the residue was dissolved in water (100 mL). Strongly acidic ion exchange resin (Lewatit K2611, 200 g) was added and the mixture was stirred for 20 min. To isolate the title compound the ion exchange resin was filtered and washed with water. Finally, the product was eluted with concentrated aqueous ammonia (2 L) and concentrated in vacuo. The residue was dissolved in hot ethanol (50 mL) and the resulting solution was allowed to stand overnight at -21°C. The product precipitated as colorless crystals, which were filtered and dried in vacuo (8.47 g, 80%). (12) : A mixture of diamine 11 (2.59 g, 18.0 mmol) and urea (5.17 g, 86.1 mmol) was heated at 140°C for 18 h. The molten mass was cooled to room temperature and dissolved in methanol (50 mL). The title compound was isolated as a colorless solid by column chromatography on silica gel (ethyl acetate/methanol 9:1) and recrystallization from water (2.36 g, 77%).
4-Chloro-1,3-dihydro-2H-imidazo[4,5-c]pyridin-2one
MP: >220°C (decomp.). 
4-Acetyl-1,3-dihydro-2H-imidazo[4,5-c]pyridin-2one (1b):
Compound 12 (203 mg, 1.20 mmol) and bis(triphenylphosphine)palladium(II) chloride (43.7 mg, 62.2 μmol) were placed in a schlenk flask and repeatedly flushed with nitrogen. Subsequently, DMF (4.0 mL) and tributyl(1-ethoxyethenyl)stannane (566 mg, 1.56 mmol) were added and the resulting mixture was stirred at 120°C for 17 h. The solvent was removed in vacuo and hydrochloric acid (1 M, 50 mL) was added. After stirring at room temperature for 24 h the aqueous phase was extracted with dichloromethane (4 × 60 mL) to remove stannanes. Then, the aqueous phase was made alkaline using solid sodium carbonate and extracted with ethyl acetate (4 × 60 mL). Drying over Na 2 SO 4 and removal of the solvent under reduced pressure yielded 243 mg of the crude product. Finally, the title compound was isolated by flash column chromatography on silica gel (CHCl 3 /MeOH 9:1) as an off-white solid (102 mg, 48%). All spectroscopic data were consistent with the data published.
